3
of force will be inversely proportional to the amount of periodontal support. Chronic periodontitis is the most common cause of destruction of the periodontal support. Inflammation destroys the integrity of local interdental collagen bundles and consequently alters the equilibrium stabilising the buccopalatal position of the tooth. The pattern of attachment loss on an individual tooth is also pertinent. In many cases the deepest pocketing and the most severe bone loss is on the palatal aspect of a labially migrated incisor. This has led to the (unproven) proposal that the forces generated within the inflammatory lesion are responsible for the tooth movement. Recurrent abscesses in this situation may lead to rapid destruction and drifting. The amount of periodontal support will also depend upon factors such as:
• Root length • Root shape (for example, very tapering root forms) • Root resorption (for example, post orthodontic) • Endodontic lesions destroying the apical periodontium.
These factors can be accurately assessed by good-quality intraoral radiographs, which will also confirm the degree of bone loss estimated from the clinical probing examination.
All these factors contribute to the mobility of the teeth, which is further increased by inflammation and occlusal forces. The term 'jiggling forces' applies to the situation where an occlusal force moves the tooth in one direction and soft tissue forces move it back to the original position. Mobility, which can be seen or felt (by the clinician's fingers
DRIFTED ANTERIOR TEETH
Drifting or spacing of the maxillary anterior teeth is a frequent complaint of patients with periodontitis and demands careful diagnostic evaluation before choosing the treatment options. This is because the cause of the problem is usually multifactorial. The evaluation can therefore be conveniently divided into three sections:
• Periodontal • Orthodontic • Restorative/occlusal.
EVALUATION OF AETIOLOGY Periodontal
In situations where occlusal or soft tissue forces are persistent and likely to produce movement of teeth, the required magnitude
The establishment of periodontal health should be a primary aim in all treatment plans. The methods by which this can be achieved have been dealt with in previous chapters, but there are a number of situations where integration of these treatment methods with other dental disciplines needs to be clarified. To simplify matters this chapter will consider periodontal implications in three main areas: treatment of drifted anterior teeth, pre-restorative procedures and replacement of missing teeth.
placed gently on the labial surface of the incisors) when the patient gently occludes is known as fremitus and is an indication of 'jiggling' .
Orthodontic
It is important to establish whether the patient has previously had orthodontic correction of a Class II division 1 incisor relationship that is no longer stable; that is, relapse of a previously treated malocclusion. Most individuals with drifting incisors (Fig. 1) have a pre-existing tendency to this incisor relationship and incompetent lip morphology. In many cases it is only one or two of the incisors that escape the control of the lower lip, and any tendency to lip bite will accentuate the situation.
• Informs crown lengthening surgery is one of the commonest pre-restorative periodontal procedures.
• Highlights replacement of missing teeth using dental implants in periodontitis patients requires appropriate treatment of remaining teeth. Other contributory parafunctional habits, such as patients who persistently bite on a foreign object, are more rarely encountered. At completion of the treatment plan the incisors will need to be placed in a position of stability within the soft tissue pattern and adequate space is essential to achieve this. Permanent retention is required if the orthodontic result is prone to relapse. It is prudent to seek the advice of an orthodontic specialist, particularly if repositioning is being considered.
I N B R I E

Restorative/occlusal
There are a number of potential restorative factors which may be associated with this problem:
• Loss of posterior support causing the patient to function on the anterior teeth and often associated with forward posturing of the mandible • Recent provision of anterior crowns that have altered the incisal guidance • Occlusal interferences which may precipitate parafunctional activities.
The static and functional relationships of the teeth should be examined. It is particularly important to assess the incisal guidance and whether there is a marked horizontal discrepancy between the retruded contact position and the intercuspal position. The protrusive and lateral excursion contacts should be evaluated for fremitus and interferences (especially non-working).
TREATMENT OPTIONS
The treatment options should be more apparent after considering the aetiological factors in addition to the prognostic factors of the individual teeth and dentition as a whole. There are basically three options:
• Accept position of teeth • Orthodontic repositioning • Extraction and replacement.
Accept position of teeth
The position of the drifted teeth may be acceptable to the patient, particularly if the situation is unlikely to deteriorate further. In some cases improvement of the tooth position can occur with this treatment. If the factors operating on the teeth are large then it is impossible to give the patient firm reassurance that the situation is stable.
Many patients faced with the other options are prepared to accept the situation if the aesthetics are not too compromised.
Orthodontic repositioning
This is the most demanding of the treatment options and should not be entered into lightly. There are basic guiding rules:
• The periodontal condition must be treated initially • Periodontal inflammation must be controlled during active tooth movement • The orthodontic forces have to be carefully controlled • In most cases the orthodontic result will not be stable without permanent splinting.
Orthodontic tooth movement in untreated periodontitis is likely to result in further loss of attachment and in severe cases abscess formation and rapid destruction. The minimum periodontal treatment is thorough root surface debridement and establishment of a high standard of supragingival plaque control by the patient. The provision of an orthodontic appliance may compromise plaque control and extra effort is required by the patient. If the orthodontic treatment is likely to be prolonged, then further and repeated subgingival instrumentation and maintenance treatment will be required during this phase.
In cases where periodontal surgery is required this can often be delayed until after the orthodontic work has been completed. This has the advantage of re-establishing a dentogingival junction around the teeth in their corrected position, and subsequent maturation of the supracrestal collagen fibre arrangement may enhance stability.
While some simple cases can be managed with removable appliances, many will require fixed appliances and the services of a specialist orthodontist. In the latter case it is helpful if the orthodontist has had experience of moving teeth with compromised support. It is particularly important to avoid overloading and complications such as root resorption.
Most orthodontists will give no guarantee of stability of the end result in anything but the simplest of cases, and usually recommend permanent splinting. Splinting systems that rely on resin-bonded restorations may give adequate service in some instances. They range from simple wire and composite splints to Rochette and Maryland-type retainers. These restorations are not as predictable as one would wish for such complex integrated treatment plans. Rochette frameworks have the advantage of being more easily removed if recementation is required.
Successful, predictable long-term retention may need an extensive restoration. In some cases this is only achievable with conventional full-coverage restorations. Under these circumstances due consideration needs to be given to extracting all or some of the drifted teeth in the first place. This may eliminate the need for orthodontics. Treatment of a patient involving orthodontics, periodontics and splinting is shown in Figure 2 .
PRE-RESTORATIVE PERIODONTAL PROCESDURES
In addition to the establishment of periodontal health, periodontal surgical techniques can be usefully applied in the following areas:
• Crown lengthening • Ridge augmentation • Gingival augmentation.
Crown lengthening and ridge augmentation are covered in this chapter and gingival augmentation is dealt with in part two.
Crown lengthening
The periodontal surgical techniques described in Chapter 7 of the BDJ clinical guide associated with this series can be usefully This procedure is illustrated in Figure 3 . Severe attrition and erosion often lead to a situation where full-coverage restoration of the teeth is necessary, but the available clinical crown height does not provide sufficient retention following preparation. In many individuals there is compensatory over eruption of the teeth. This also results in the dentogingival junction moving with the tooth, together with the alveolar bone, whereas the mucogingival junction maintains its level. The net result is an increase in the width of the keratinised/attached gingiva and maintenance of the pre-existing biological width (Fig. 3b) . Removal of soft tissues and underlying bone is necessary to achieve an increase in the height of the clinical crown. Where there has been periodontal pocketing the amount of soft tissue resection is determined by pocket depth, width of keratinised gingiva and the extra crown height required. Periapical radiographs are essential in planning such procedures in order to confirm the length of the roots of the teeth undergoing treatment and to exclude root resorption or fractures preoperatively.
Limited widths of keratinised gingiva should be preserved by using a crevicular incision. Where there is no pocketing at the normal dentogingival junction, any increase in crown height will have to be achieved by apical positioning of the gingival margin following adequate bone removal.
These are very important decisions and should not be left until the surgical appointment. It is strongly recommended that study casts are evaluated to determine how much tooth reduction is proposed during the restorative treatment and how much increase in clinical crown height will be required to achieve this and to provide a retentive preparation. Close cooperation is needed between operators if the surgery and restorations are to be carried out by different individuals.
Following elevation of the flap the distance between the bone margin and the cement-enamel junction can be assessed. In patients who have not lost any periodontal attachment this is about 2 mm and this exposed root surface has healthy collagen fibres inserted into cementum. With reference to the amount of extra clinical crown height required, alveolar bone has to be removed to a level which will allow a width of approximately 3-4 mm between the bone crest and the planned level of the gingival margin. It is very important to minimise trauma to the bone and root surface. Thick bone should be thinned using rotating burs and plenty of saline coolant. The thinned bone adjacent to the root surface can be cleaved off using sharp hand chisels such as the Ochsenbein or TGO (Fig. 3e) . On anterior teeth bone height should be preserved as much as possible interdentally to support aesthetic papillae. Where interdental bone has to be removed, purpose-designed files are very useful (Fig. 3f) .
The flap is then sutured to cover the alveolar bone. When the flap has been apically positioned a periodontal pack is advisable to maintain the flap position during early healing. It should be remembered that crown lengthening the palatal aspects of the maxillary teeth must rely entirely on resection of soft tissue and bone as required, as apical positioning is not possible.
Ridge augmentation
Pontic areas can be treated by grafting with various synthetic materials or using soft tissue grafts, bone grafts and guided bone regeneration. These principles are illustrated in Figure 4 . 
Biological comparison of teeth and implants
There are a number of fundamental factors to consider when comparing the biological and physical aspects of teeth and implants, which are summarised in Table 1 . The gingival cuff around an implant abutment may be very well adapted but it lacks the fibrous connective tissue architecture of the normal dentogingival junction. The tooth is superbly adapted to differing functional demands because of the periodontal ligament. Excessive occlusal forces applied to the crown of a natural tooth will result in widening of the periodontal ligament and an increased mobility. Under these circumstances the tooth is better adapted to cope with the increased forces. By contrast, the osseointegrated implant is rigid within the bone, exhibiting no functional mobility. For example, the nature of the osseointegration does not allow orthodontictype movement of an implant and they have therefore been used successfully as orthodontic anchorage for tooth movement. Moreover, osseointegrated implants should not be used for tooth replacement in the growing child/adolescent as this will result in relative submergence of the implant unit in comparison with the continued eruption of the adjacent natural teeth.
Excessive forces on an implant could result in either material fracture (of the superstructure, retaining screws, abutment screws or the implant itself) or loss of bone contact to the implant surface. The latter may be evident as total loss of integration, with loosening of the implant or loss of marginal bone. The latter type of bone loss is less common than bone loss due to peri-implantitis, which is dealt with in the next section.
Inflammatory conditions around teeth and implants
Inflammation around the soft tissue of implants, the peri-implant mucosa, without loss of bone is called peri-implant mucositis (Fig. 5) . It is the equivalent of gingivitis around teeth and is associated with redness and bleeding on probing. It is caused by accumulation of plaque and is managed in the same way as gingivitis. It is important to prevent and control because it may be a precursor to the inflammatory lesion that is associated with bone loss, peri-implantitis. This is the equivalent of periodontitis and is diagnosed when there are inflammatory changes of the peri-implant soft tissue and radiographic evidence of bone loss (Fig. 6 ). Bleeding on probing and probing depths greater than 4 mm are present. The presence of periodontitis affecting remaining teeth or an individual's prior susceptibility to periodontitis may have an important bearing on susceptibility to periimplantitis. Dentate individuals, particularly those with periodontal pockets, will harbour a complex microflora, which is dependent upon an anaerobic environment and nutrient supply from the host tissues. It is likely that bacteria implicated in periodontitis, such as Porphyromonas gingivalis, are also major pathogens in destructive inflammatory lesions around implants. There is therefore a real possibility of colonisation or infection of the implant surfaces from pre-existing periodontopathic bacteria.
The destruction of the supporting tissues of teeth and implants have considerable similarities but there are important differences due to the nature of the supporting tissues. This is particularly noticeable with the patterns of tissue destruction observed. Periimplantitis most commonly affects the entire circumference of the implant, resulting in a 'trough' of bone loss filled with inflammatory tissue extending to the bone surface. By contrast, periodontitis-affected teeth have more irregular loss of supporting tissues, often confined to proximal surfaces and resulting in complex infrabony defects. In addition and for the most part, the periodontal tissues are capable of 'walling off' the inflammatory lesion from the alveolar bone and periodontal ligament with a zone of fibrous tissue, a feature which is not seen in peri-implantitis. It would seem probable that destructive inflammatory lesions affecting both teeth and implants have stages in which the disease process is more rapid (burst phenomenon) followed by periods of relative quiescence.
The diagnosis and recognition of periimplantitis would appear to be increasingly common, and may be difficult to manage using existing periodontal non-surgical and surgical techniques. It is important, therefore, that all patients treated with implants are managed in such a way as to avoid this complication. This should be considered at all stages in the treatment process:
• Initial diagnosis and treatment planning • Preparatory treatment, including extractions, non-surgical and surgical periodontal treatment • The osseointegration period and any transitional stage • Maintenance of the implant supported prosthesis.
Management of the patient with advanced periodontitis
All patients with periodontal disease should be managed appropriately. Only teeth that have severe disease and that are considered to have a hopeless prognosis should be considered for implant replacement. Unfortunately, there has been a trend for more radical management where teeth with treatable periodontitis are removed in favour of implant replacements. This is not only a serious ethical issue but in many cases the patients may suffer from the same complications of inflammatory destruction of support of the implants, which is more difficult to manage than periodontitis. Treatment of the teeth with periodontitis allows an assessment of patient compliance with oral hygiene procedures, their acceptance of treatment interventions and the tissue response and prognosis. This should better inform the clinician and patient about treatment strategies for replacement of teeth that are missing or need to be replaced. These advantages are lost in cases where the teeth are 'exchanged for implants' in rapid treatment protocols. The following case illustrates periodontal and implant management of a patient with severe periodontitis where the remaining upper teeth have a hopeless prognosis but most of the lower dentition is retained and conventional fixed bridge replacements used.
CASE REPORT
A case is presented of a patient with advanced periodontitis who had been treated 15 years previously with extensive bridgework in the upper jaw (Fig. 7) . Treatment had involved provision of a telescopic reconstruction that was originally cemented to gold copings on the prepared abutment teeth (Fig. 8) . The superstructure, however, had been uncemented for several years.
Examination of the individual abutment teeth revealed excessive mobility (over grade 3), very deep pockets and radiographic loss of bone to the root apices and beyond. A limited number of teeth were amenable to treatment. The 13, 11, 21, 23, in the upper jaw had a poor long-term prognosis but could be treated and utilised as interim abutments for a provisional bridge. The 45, 44, 43, 33, 34, 35 in the lower jaw were treatable and could be retained as a shortened dental arch and abutments for a tooth-supported anterior bridge. The remaining teeth required extraction. The patient requested restoration of the dentition with fixed bridges without an intervening period of removable dentures. This could be achieved using a transitional approach with provisional tooth-supported bridges in the upper jaw or extraction of all remaining upper teeth with immediate implant placement and immediately loaded implant-supported bridges. The former approach was preferred due to the location of Table 2 .
The definitive treatment plan (Table 3) is complex and time consuming with a number of advantages and disadvantages, which should be appreciated (Table 4) .
CONCLUSION
Periodontal management of patients is a key to the long-term success of all treatment plans, but becomes particularly important in patients who are susceptible to periodontitis and those undergoing complex treatment plans. Techniques borrowed from periodontics can also facilitate management of some commonly encountered problems in other dental specialities. 3. Periodontal surgical treatment of remaining teeth to achieve: a. Pocket elimination and clinical crown lengthening b. Establishment of a healthy dentogingival junction 4. Modifications of upper bridge and re-preparation of abutment teeth (13, 11, 21, 23) to improve retention (Fig. 9) 5. First stage of implant surgery to place implants at sites 14, 12, 22, 24 using a stent as guide for optimum placement (Fig. 10) Table 4 Advantages and disadvantages of the treatment plan
Advantages
• The patient is able to wear a fixed bridge throughout treatment, including the immediate post-surgical phase(s)
• It is particularly advantageous in those cases where guided bone regeneration techniques with implanted membranes have been used because the overlying tissues are not subject to the forces and trauma of a mucosal-borne denture
• Development and control of the occlusion is obtained at an early stage in treatment
Disadvantages
• The planning is difficult and time consuming. It may be difficult for the patient to appreciate the large number of stages and the time involved
• The treatment is costly and complex, requiring a great deal of interplay between restorative and surgical disciplines
• It may be necessary to construct several bridges to satisfactorily complete the treatment; for example:
-Immediate insertion bridge with wire reinforcement and adaptation with resin to accommodate tooth extraction -Provisional bridge with metal substructure and resin superstructure following periodontal treatment. This bridge is constructed to last over the complete treatment period until the final bridge is inserted. This could be over a timescale of over one year -An additional provisional bridge may be required to allow connection of the 'first wave' of implants -The final bridge
• The additional cost of the numerous bridges and extra surgical procedures is obvious. The additional time required removing and replacing provisional bridges on many occasions is sometimes overlooked
